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A new theropod dinosaur, 
represented by a single unusual caudal vertebra, 

from thè Kem Kem Beds (Cretaceous) of Morocco 

Abstract - We describe a near-complete distai caudal vertebra from an Upper Cretaceous theropod, 
discovered in thè Kem Kem Beds (Cenomanian) of Tafìlalt, Morocco. The specimen exhibits an extre- 
mely unusual combination of features , and we herein erect a new species, Kemkemìa auditorei gen. et 
sp. nov. The specimen differs from other theropod distai caudal vertebrae in thè presence of a relatively 
inflated neural canal, strongly reduced zygapophyses, a low but very robust neural spine hearing shal- 
low lateral fossae, a mediolaterally concave dorsal surface of thè neural spine, and coalescence of thè 
postzygapophvses in a position more proximal than thè region where neural spines are absent. Although 
Kemkemìa shares some derived features with neoceratosaurs. we provisionally refer it to Neotheropoda 
incertae sedis, pending thè discovery of more complete material. Several distai caudal vertebrae from 
thè Maastricthian of India are similar to Kemkemìa, and may belong to a closely related taxon. 

Key words: Kemkemìa auditorei gen. et sp. nov., Theropoda, caudal vertebra, Morocco, Ceno¬ 
manian. 

Riassunto - Un nuovo dinosauro teropode, rappresentato da un'inusuale vertebra caudale, prove¬ 
niente dai Letti del Kem Kem (Cretacico) del Marocco. 

In questo studio descriviamo una vertebra caudale quasi completa del Cretacico superiore (Ceno- 
maniano) di Tafìlalt, Marocco. Sulla base delTinusuale combinazione di caratteristiche presenti in 
questo esemplare, abbiamo eretto una nuova specie di teropode, Kemkemìa auditorei gen. et sp. nov. 
Essa si distingue dalle caudali distali dei teropodi noti per: presenza di un canale neurale relativamente 
espanso, zigapofisi estremamente ridotte, presenza di una spina neurale bassa ma robusta avente deboli 
fosse laterali, superfìcie dorsale della spina concava mediolateralmente, fusione delle postzigapofisi 
che avviene lungo le caudali prossimalmente alla perdita della spina neurale. Sebbene Kemkemìa 

condivida alcuni caratteri derivati con i neoceratosauri, attribuiamo provvisoriamente questo taxon 
a Neotheropoda incertae sedis. Numerose caudali distali di teropode del Maastrichtiano dell'India 
mostrano una morfologia simile a Kemkemìa e potrebbero dunque appartenere ad un taxon imparentato 
con il nuovo teropode marocchino. 

Parole chiave: Kemkemia auditorei gen. et sp. nov., Theropoda, vertebra caudale. Marocco, Ceno- 
maniano. 
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Introduction 
In recent decades, several theropod dinosaurs have been reported from thè mid 
Cretaceous (Aptian-Turonian) ofNorth Africa (Sereno et al., 1994; Russell, 1996; 
Sereno et al, 1996; Sereno et al., 1998; Riff et al., 2004; Sereno et al., 2004; Mahler, 
2005; Novas et al, 2005a; Brusatte & Sereno, 2007; Sereno & Brusatte, 2008). 
Most have been referred to abelisauroid and basai (non-coelurosaurian) tetanuran 
clades of middle to large body size. In May 1999, thè Palaeontological Section of 
thè Museo di Storia Naturale di Milano, in collaboration with thè Geological Service 
of Morocco and with thè logistical support of F. Escuillié (Eldonia, France) and G. 
Pasini (Fossilia snc., Italy), carried out a palaeontological expedition in thè southern 
part of thè Errachidia Province, Morocco, focussing on invertebrate fauna (Ales- 
sandrello & Bracchi, 2003). Prospecting was also carried out in thè Tafìlalt, near 
Erfoud. The most interesting find from thè region was an almost complete caudal 
vertebra, collected as a surface fìnd south of Erfoud, a few kilometers to thè east of 
thè small village of Taouz and toward thè direction of Hamada du Guir (Pasini, pers. 
comm., 2008; Fig. 1). On thè basis of an unusual combination of features present in 
this vertebra, we formally erect a new species of theropod dinosaur. 

Fig. 1 - Geographic map of thè tossii location south of Erfoud, east of thè village of Taouz, toward thè 
Hamada du Guir, Errachidia Province, Morocco; thè main localities and landscape elements cited in 
thè text are shown in thè map. The asterisk marks thè site from where thè specimen MSNM V6408 was 
collected (drawing by SM and G. Pasini; based on thè originai drawing by Garassino et al., 2006). 
Fig. 1 - Cartina geografica indicante il punto di rinvenimento dell’esemplare, a S di Erfoud e ad E del 
villaggio di Taouz, in direzione di Hamada du Guir (provincia di Errachidia, Marocco), in cui sono eviden¬ 
ziati le principali località e i toponimi citati nel testo. L'asterisco indica la località da cui proviene l’esem¬ 
plare MSNM V6408 (disegno di SM e G. Pasini, basato sul disegno originale di Garassino et al., 2006). 
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Istitutional abbreviations: GSI: Geological Survey of India, Kolkata, India; 
IGM: Mongolian Institute of Geology, Mongolian Academy of Science, Ulan 
Bator, Mongolia; MSNM: Museo di Storia Naturale di Milano, Italy; NMC: Cana- 
dian Museum of Nature, Ottawa, Ontario, Canada; UCPC: University of Chicago, 
Paleontological Collection, Chicago, USA. 

Materials and methods 
The specimen is catalogued in thè Vertebrate Palaeontological Collection of thè 

Museo di Storia Naturale di Milano (MSNM V) as MSNM V6408. 
Following Weishampel et ai. (2004), we adopt thè following anatomical terms 

of thè Nomina Anatomica Veterinaria (NAV 1994) and thè Nomina Anatomica 

Avium (NAA 1993): ventral (toward thè belly), dorsal (toward thè back), proximal 
(toward thè mass of thè body), and distai (away from thè mass of thè body). For 
saurischian and ceratosaurian systematic terminologies we follow Padian et al., 
(1999) and Wilson et al (2003), respectively. Accordingly, we consider Neothe- 
ropoda thè least inclusive clade containing Coeìophysis baimi and extant birds; 
Ceratosauria thè most inclusive clade containing Ceratosaurus nasicornis but not 
extant birds; and Tetanurae thè most inclusive clade containing extant birds but not 
Ceratosaurus nasicornis. 

Systematic Palaeontology 

Dinosauria Owen, 1842 
Saurischia Seeley, 1888 
Theropoda Marsh, 1881 

Neotheropoda Bakker, 1986 
?Ceratosauria Marsh, 1884 

Kemkemia auditorei gen. et sp. nov. 

Derivatio nominis - The generic name refers to thè Kem Kem Beds of Morocco, 
where thè holotype specimen was collected. The specifìc name honours thè Italian 
palaeoartist Marco Auditore, for his inexhaustible and enthusiastic support of ver¬ 
tebrate palaeontology. 

Holotype - MSNM V6408, an almost complete distai caudal vertebra (Fig. 2) 
of a middle- to large-sized theropod. 

Locality - Although GPS data were not recorded, thè specimen Comes from 
some kilometers south of Erfoud, east of thè village of Taouz, and in thè direction 
of thè Hamada du Guir, Errachidia Province, Morocco (Fig. 1). 

Horizon - Kem Kem Beds, “Infracénomanien” (Russell, 1996), Cenomanian, 
Upper Cretaceous (Sereno et al., 1996). The Kem Kem Beds consist of channel- 
deposited red sandstone (Russell, 1996; Sereno et al., 1996), lithologically iden- 
tical to thè matrix that encrusted thè vertebra and fìlled thè neural canal prior to 
preparation (Pasini, pers. comm., 2008). The specimen was discovered in dose 
association with rostral teeth of thè Aptian-Cenomanian elasmobranch Onchopri- 
stis sp. (Pasini, pers. coni., 2008; Rage & Cappetta, 2002; Russell, 1996). The lattei* 
is an extremely common fìnd in thè Kem Kem Beds and is often found in associa¬ 
tion with dinosaur remains (Naish, pers. comm., 2009). 
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Diagnosis - Neotheropod dinosaur hearing distai caudal vertebrae with 
thè following autapomorphies: inflated neural canal, broader than thè width 
of thè centrum at mid-length; strongly reduced finger-like prezygapophyses 
lacking articular facets and failing to reach thè level of thè articular end of thè 
centrum; robust neural spine (in which thè mediolateral width at thè apex is 
at least 30% of thè width of thè cranial articular surface of thè centrum); shal- 
low fossa on thè distai half of thè lateral surface of thè neural spine bounded 
distally by thè postspinai lamina; mediolaterally concave dorsal surface to thè 
neural spine. 

Differential diagnosis: Kemkemia differs from other theropods, with thè 
possible exception of Ilokelesia (Coria & Salgado, 2000) and Ligabueino 
(Bonaparte, 1996), in that thè postzygapophyses coalesce at a point in thè tail 
more proximal than thè point at which loss of thè neural spine occurs. 

Description 
The specimen MSNM V6408 (Fig. 2; Tab. 1) is a near-complete, well pre- 

served three-dimensional caudal vertebra. The right prezygapophysis is broken 
at thè base; thè periosteum along thè margins of thè proximal and distai articu¬ 
lar facets and thè articular surfaces for thè Chevron are missing, although thè 
outline of thè Chevron facets is stili visible (Fig. 2D). The neural arch is com- 
pletely fused to thè centrum and no trace of a neurocentral suture is present. 
The centrum is amphicoelous, slightly more excavated proximally, and it lacks 
pneumatic fossae or foramina. A vascular foramen is present on thè left lateral 
surface of thè centrum (Fig. 2B). The centrum is elongate, being more than 
three times longer than it is tali at its proximal end. The proximal and distai 
articular faces are quadrangular, with a width to height ratio dose to 1. The 
lateral surfaces are dorsoventrally concave, with thè right side being slightly 
more concave than thè left. The ventral surface is fiat and very narrow, measu- 
ring (at mid-length of thè centrum) no more than 45% of thè ventral width of 
thè articular facets. The neural arch is very elongate, its base occupying almost 
90% of thè dorsal length of thè centrum. The neural canal is rounded and very 
large, having proximal dorsoventral and mediolateral diameters that are almost 
50% thè diameters of thè proximal articular face of thè centrum. Due to thè size 
of thè neural canal, thè inflated neural arch is visible for almost its entire length 
when thè specimen is examined in ventral view. The left prezygapophysis is an 
extremely reduced, fìnger-like process, subtriangular in dorsal view and dose 
to thè mid-line, bounding a narrow cleft housing a rounded pit. The proximal 
tip of thè prezygapophysis does not reach thè level of thè proximal articular 
face of thè centrum and lacks any distinct articular facet. A faint ridge extends 
from thè dorsal mid-line of thè prezygapophysis to thè proximo-lateral base of 
thè neural spine. This may represent a faint spinoprezygapophyseal lamina. A 
prominent, sharply defined prespinai lamina is present. It gradually decreases 
in height toward its proximal end, disappearing at thè level of thè distai margins 
of thè prezygapophyseal ridges. The prespinai lamina is bounded laterally by 
two shallow fossae. The distai margin of thè neural arch lacks postzygapophy¬ 
ses: it is replaced by a single, small process that does not reach as far distally 
as thè distai end of thè centrum. At its proximal end, this process unites with 
thè postspinai lamina. This lamina is less sharp than thè prespinai one, but it is 
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slightly taller, reaching thè ventrodistal margin of thè spine table. The neural 
spine is distally placed and short, being about 20% of thè length of thè neural 
arch. In lateral view, thè spine is trapezoidal and longer than tali. The spine is 
broad and robust, having an apical width that is 32% thè width of thè cranial 
articular face of thè centrum. The laterodistal surfaces of thè spine are slightly 
concave. These concavities are bordered distally by thè postspinai lamina. As 
a consequence, thè proximal half of thè spine is broader and more robust than 
thè distai one, so thè mid-height cross-section of thè spine is tear-drop-shaped. 
The dorsal surface of thè spine is ovate, longer than wide in dorsal view and 
slightly concave in both proximal and distai views. The lateral edges of thè 
dorsal concavity are bounded by slightly developea but clearly defìned margins 
that converge proximally. 

Fig. 2 - Specimen MSNM V6408 in right lateral (A), left lateral (B). dorsal (C), ventral (D), proximal 
(E), and distai (F) views. Abbreviations: ?spzl, ?spinoprezygapophyseal lamina; psl. prespinai lamina; 
posi, postspinai lamina. Scale bar equals 2 cm. (Photos by SM). 
Fig. 2 - Esemplare MSNM V6408 nelle norme laterale destra (A), laterale sinistra (B), dorsale (C), 
ventrale (D), prossimale (E) e distale (F). Abbreviazioni: ?spzl. lamina ?spinoprezigapofiseale; psl. 
lamina prespinale; posi, lamina postspinale. La scala metrica equivale a 2 cm. (Foto di SM). 
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Tab. 1 - Basic measurements of specimen MSNM V6408. 
Tab. 1 - Misure principali dell’esemplare MSNM V6408. 

Selected measurements of MSNM V6408 (measurements expressed in mm) 

Vertebra: maximum length 60.48 

Vertebra: maximum height 33.81 

Vertebra: maximum width 17.79 

Centrum: maximum length 60.48 

Centrum: width at mid-length 7.60 

Centrum: proximal facet height 16.53 

Centrum: proximal facet width 17.79 

Centrum: distai facet height 15.44 

Centrum: distai facet width 16.99 

Neural arch: maximum height 17.33 

Neural arch: length from tip of prz to tip of poz 52.21 

Neural arch: width at centrum mid-length 10.91 

Neural arch: top of thè neural spine length 10.62 

Neural arch: top of thè neural spine width 5.70 

Discussion 
Taxonomic affìnities and phylogenetic hypotheses of MSNM V6408 - On 

thè basis of thè presence of articular facets for thè chevrons and thè absence of 
transverse processes, we identify MSNM V6408 as a non-proximal caudal verte¬ 
bra. The absence of transverse processes combined with thè presence of a robust 
neural spine indicates that MSNM V6408 belongs to thè transitional zone between 
thè proximal/middle caudals (bearing both neural spines and transverse processes), 
and thè distal-most vertebrae that lack such structures (Fig. 3). The presence of 
spinai laminae in caudal neural arches is a derived feature of some saurischian 
clades (Wilson. 1999): specifìcally, neosauropods and neotheropods. Accordin- 
gly, we compared thè vertebra with sauropod distai caudals. MSNM V6408 shares 
with Jobaria and Neosauropoda thè presence of prespinai and postspinai laminae 
(Wilson, 2002). MSNM V6408 shares several features with some neosauropods 
in which thè distai caudals stili bear thè neural spine. In such taxa, thè centrum is 
elongate (Wilson, 2002; Upchurch et al, 2004), thè articular faces are quadrangular 
(Osbom, 1899, Piate XXVIII; Upchurch et al., 2004), and thè ventral surfaces are 
flattened (Gomani, 1999; Salgado et ai., 2004). However, many features present in 
Kemkemia are unusual when compared with sauropod distai caudals: in sauropods 
thè elongate distai caudal centra (having a length to height ratio greater than 3) 
are often biconvex rather than amphycoelous (Wilson et al., 1999), thè base of thè 
neural arch is usually more proximodistally reduced than it is in Kemkemia, fading 
to reach thè distai fìfth of thè centrum; thè zygapophyses are more robust dorsoven- 
trally; and thè neural spine is more proximodistally elongate and projects distally 



A NEW THEROPOD DINOSAUR FROM THE KEM KEM BEDS (CRETACEOUS) OF MOROCCO 245 

beyond thè postzygapophyses (Osborn, 1899; Calvo & Salgado, 1995; Gomani, 
1999; Salgado et ai., 2004; Harris, 2006; Sereno et al., 2007). Moreover, a hyper- 
trophied neural canal has yet to be reported in any sauropod distai caudal vertebra 
(Osborn, 1899: Piate XXVIII; Osborn & Mook, 1921: Piate LXXII; Gomani, 1999; 
Salgado et al., 2004), whereas Chevron facets and pre- and postspinai laminae do 
not persist through thè distai caudal series in neosauropods (Wilson, 1999; Wilson, 
2002; Kellner et al., 2005). In conclusion, while some resemblances are present 
between MSNM V6408 and thè distai caudals of some sauropods, it seems most 
likely that these similarities are convergent. 

Fig. 3 - Theropod distai caudal vertebrae, in right lateral view (A, D, G, J), dorsal view (B. E, H, K), 
and proximal view (C, F, I, L): A, C, Dilophosaurus (modifìed from Welles, 1984); B, Coelophysis 

(modified from Colbert, 1989); D, E, Allosaurus (modifìed from Madsen, 1976); F, Omithomimidae 
indet. (modifìed from Longrich, 2008); G-I, Majungasaurus (modifìed from O'Connor, 2007); J-L, 
MSNM V6408 (this study). Abbreviations: dg, dorsal groove; f, fossa; ns, neural spine; psl, prespinai 
lamina; pz, prezygapophyses; tp, transverse process. Not shown at thè same scale. (Drawing by AC). 
Fig. 3 - Vertebre distali di teropodi, nelle nonne laterale destra (A, D, G, J), dorsale (B, E, H, K), e 
prossimale (C, F, I, L): A, C, Dilophosaurus (modificato da Welles, 1984); B, Coelophysis (modificato 
da Colbert, 1989); D, E, caudale distale di Allosaurus (modificato da Madsen, 1976); F, Omithomi¬ 
midae indet. (modificato da Longrich, 2008); G-I, Majungasaurus (modificato da O’Connor, 2007); 
J-L, MSNM V6408 (questo studio). Abbreviazioni: dg, solco dorsale; f, fossa; ns, spina neurale; pz, 
prezigapofisi; tp, processo trasverso. Non alla stessa scala. (Disegno di AC). 
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Elongation of thè centrum is a widespread feature of theropod distai caudals: 
it is present in most neotheropods with thè exceptions including therizinosauroids 
more derived than Falcarius (Kirkland et al., 2005), oviraptorosaurs more derived 
than Protarchaeoptejyx (Senter, 2007), and short-tailed avialians (Chiappe et al., 
1999) . When compared with other elongate neotheropod caudals, MSNM V6408 
shows an unusual combination of features (Fig. 3). The ventral surface is fiat and 
lacks thè longitudinal keels and grooves reported in most (Carrano et al., 2002; 
Rauhut, 2003) - but not all (Osmólska, 1996; Novas, 1997; Kirkland et al., 1998; 
Barsbold et al., 2000; Carrano et al., 2002; Rauhut, 2003) - theropod caudals. The 
relatively large size of thè neural canal relative to thè centrum suggests that this 
vertebra was not positioned very dose to thè distai end of thè tail (Suzuki et al., 
2002; Brochu, 2003). 

Size, robustness, and thè shape of thè neural processes (neural spine, transverse 
processes and zygapophyses) varies according to thè position along thè caudal 
series, and also varies among thè different theropod clades. 

Neural spine - The neural spine is relatively robust and differs from both thè 
elongate sheet-like spines and thè low ridge-like spines present in most theropod 
middle and distai caudals, being more similar to thè robust rod-like middle caudal 
neural spines of some ceratosaurs (Carrano & Sampson, 2008; Madsen & Welles, 
2000; Rauhut, 2003). In particular, thè presence of a concave dorsal surface to thè 
neural spine is shared with some mid-caudals of Ceratosaurus (Madsen & Welles, 
2000) . Among neotheropods, thè position of thè last caudal vertebra hearing a 
distinct neural spine is variable, and is not necessarily related to thè total number of 
caudal vertebrae. In Dilophosaurus thè 22nd caudal vertebra is thè last one bearing 
a neural spine (Welles, 1984); in Allosaurus it occurs between thè 35th and thè 38th 
position (Madsen, 1976); in Tyranposaurus thè neural spines reduce after thè 13th 
and thè last one is at thè 27th position (Brochu, 2003); in Harpymimus (Kobayashi, 
2004) and Nomingia (Barsbold et al., 2000) thè neural spines become low crests 
after thè 15th position; in Sinosauropteryx, which has thè highest known number of 
caudals (Rauhut, 2003), thè neural spines reduce after thè 10th position and disap- 
pear at thè 18th (Currie & Chen, 2001); whereas in paravians there are usually no 
more than 9 proximal caudals bearing distinct neural spines (Ostrom, 1969; Forster 
et al., 1998; Mayr et al, 2007). 

Transverse processes - The absence of transverse processes shows that MSNM 
V6408 must have come from thè part of thè tail distai to thè transition point (Rus¬ 
sell, 1972; Gauthier, 1986; Tykoski, 2005). The position of thè transition point is 
variable along theropod tails: it is, for example, more proximally located in those 
taxa closest to birds (Gatesy, 1990). Therefore, thè proximal-most position possible 
for MSNM V6408, based on thè absence of transverse processes, varies according 
to whichever clade it is compared with. In non-tetanuran theropods (Gilmore, 1920) 
thè transition point occurs after thè 30th position; in non-coelurosaurian tetanurans 
(Gilmore, 1920; Madsen, 1976) it occurs after thè 25th position; in most coeluro- 
saurs (with thè exception of oviraptorosaurs, Barsbold et al., 2000) it occurs at thè 
12-17th position (Russell, 1972); while in basai paravians it occurs more proximally 
(Gatesy, 1990; Rauhut, 2003; Tumer et al., 2007). 

Zygapophyses - In most neotheropod clades, such as abelisauroids (e.g., O’Con- 
nor, 2007, but see Novas et al., 2004), basai tetanurans (Madsen, 1976; Allain & 
Chure, 2002), basai coelurosaurs (Carpenter et al., 2005) including tyrannosau- 
rids (Brochu, 2003), omithomimosaurs (Kobayashi, 2004), and dromaeosaurids 
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(Ostrom, 1969; Kirkland et al., 1993; Norell & Makovichy, 1999), those prezyga- 
pophyses that occur distai to thè transition point are very prominent and elongate, 
and reduce only in thè distal-most vertebrae where thè neural spine is completely 
absent. MSNM V6408 shows thè opposite condition: thè neural spine is short and 
low but robust, while thè zygapophyses are reduced. 

By analogy with thè position of thè transition point, thè position of thè first 
caudal hearing coalesced postzygapophyses varies among theropods, showing a 
trend toward a more proximal position in more bird-like theropods: in thè non- 
tetanurans Elaphrosaurus and Coelophysis thè fusion of thè postzygapophyses 
occurs in thè distal-most caudal vertebrae (Janensch, 1925; Colbert, 1989); in thè 
non-coelurosaurian tetanuran Allosaurus it occurs distai to thè 48thcaudal (Madsen, 
1976); in thè basai coelurosaur Tyrannosaurus, distai to thè 32th position (Brochu, 
2003); in thè maniraptoriform Harpymimus it occurs at thè level of thè 22nd caudal 
(Kobayashi, 2004); in thè dromaeosaurid maniraptoran Velociraptor, it occurs 
distai to thè 24lh caudal (Norell & Makovichy, 1999); and in thè oviraptorosaurian 
maniraptorans IGM 100/42 and Nomingia it occurs, respectively, at thè 16th and 
14th caudal (Auditore, pers. comm., 2008; Barsbold et al., 2000). Interestingly, thè 
condition among abelisauroids is more variable: in some forms thè coalescence 
of thè postzygapophyses occurs in thè distai caudals, after thè reduction or loss 
of both neural spines and transverse processes (Majungasaurus O’Connor, 2007; 
Masiakasaurus, Carrano et al., 2002), whereas in others it occurs in thè middle 
caudals (.Ilokelesia, Coria & Salgado, 2000; Ligabueino, Bonaparte, 1996). The 
Moroccan specimen is similar to Ilokelesia in that a robust neural spine is present 
in thè same part of thè tail as are coalesced postzygapophyses. Compared with thè 
reduction of thè neural spines, we hypothesise that thè coalescence of postzygapo¬ 
physes in thè tail of Kemkemia started in a more proximal position compared to thè 
tails of, for example, Majungasaurus, Masiakasaurus, Allosaurus, Tyrannosaurus 

and Harpymimus. 
MSNM 6408 differs from coelophysid distai caudals in thè relatively less elon¬ 

gate centra and in thè presence of spinai laminae (Wilson et al., 2003, Appen- 
dix), and from Dilophosaurus and several basai (non-coelurosaurian) tetanurans 
in thè shape and robustness of thè neural spine and in thè relatively less elongate 
prezygapophyses (Madsen, 1976; Rauhut, 2003; Welles, 1984). It differs from 
thè distai caudals of most coelurosaurs in thè presence of a robust neural spine 
(Brochu, 2003; Currie & Chen, 2001; Kobayashi, 2004; Ostrom, 1969), and from 
oviraptorosaurs in thè relatively narrower and more elongate centrum (Makovicky 
& Sues, 1998; Barsbold et al., 2000). Among known theropod middle and distai 
caudals, thè combination of features observed in MSNM V6408 resembles that of 
some ceratosaur middle and distai caudals: namely, thè caudal vertebrae have tran- 
sversely wide neural spines (Coria & Salgado, 2000: fìg. 9A; Madsen & Welles, 
2000; Novas et al., 2004; O’Connor, 2007), and possess distinct neural spines and 
coalesced postzygapophyses (Bonaparte, 1996; Coria & Salgado, 2000). Howe- 
ver, we note that Kemkemia differs markedly from thè distai caudals of thè only 
two abelisauroids where such elements are well described (i.e., Masiakasaurus and 
Majungasaurus, Carrano et al., 2002; O’Connor, 2007) in thè development of both 
a neural spine and prezygapophyses. Novas et al. (2004) reported two morpholo- 
gies of distai caudal vertebrae in thè theropod material from thè Lameta Forma- 
tion (Maastricthian) of India (Huene & Matley, 1933). Both morphologies share 
similar elongation, but differ in thè development of thè vertebral processes: thè 
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first, including caudals that bear elongate prezygapophyses and well developed 
“alariform” transverse processes, resembles Masiakasaurus (Novas et al., 2004: 
87) and Majungasaurus (O’Connor, 2007); thè second, with robust neural spines, 
very short prezygapophyses and nearly absent transverse processes (Novas et al., 
2004; fig. 22), is very similar to Kemkemia. We note that one of these specimens 
(GSI K27-599, Huene & Matley, 1933, Piate XXIII, Fig.4) shows a morphology 
intermediate between MSNM V6408 and that seen in thè abelisauroids Ligabueino 
and Masiakasaurus: hypertrophied neural canals are present, as are peculiar alari- 
form transverse processes with dorsal excavations (Novas et ai., 2004). Compared 
with thè Indian caudals, MSNM V6408 is relatively more elongate and narrow, 
and shows narrower and more reduced prezygapophyses, a taller neural arch and a 
neural spine that is relatively more prominent and robust. Whereas thè former two 
features may indicate that thè Moroccan specimen was positioned more distally 
along thè tail than were thè Indian ones, thè prezygapophyseal and neural spine 
characters are interpreted as autapomorphic conditions useful in distinguishing 
Kemkemia from thè Lameta forms. These data suggest thè existence of a previously 
unknown lineage of theropods differing from other taxa in thè presence of elongate 
distai caudals hearing transversely robust neural spines and very reduced prezyga¬ 
pophyses. 

In conclusion, although thè presence of some derived features suggests that 
MSNM V6408 may belong to thè ceratosaurian lineage, we provisionally refer 
Kemkemia auditorei to Neotheropoda incertae sedis, pending thè discovery of 
more complete material. 

Comparison between Kemkemia and thè theropod tossii record from thè 
Kem Kem Beds - Based on comparison with several neotheropods (Gilmore, 
1920; Janensch, 1925; Madsen, 1976; Welles, 1984; O’Connor, 2007), we estimate 
that thè body size of Kemkemia was comparable to that of Dilophosaurus and Ela- 
phrosaurus (Fig. 4). Although three theropod genera have been found in thè Kem 
Kem Beds - Carcharodontosaurus, Spinosaurus and Deltadromeus (Russell, 1996; 
Sereno et al., 1996) - only thè distai caudal vertebrae of thè latter are known. Fol- 
lowing Novas et al. (2005), we do not consider Sigilmassasaurus (Russell, 1996) a 
junior synonym of Carcharodontosaurus (but see Sereno et al., 1996; and Brusatte 
& Sereno, 2007; for a different interpretation of their synonymy). Our conclusion 
is based on two evidences: 1) Russell (1996) referred a partial cervical vertebra, 
NMC 50792, to Carcharodontosaurus, noting its similarities with a cervical ver¬ 
tebra referred by Stromer to thè latter genus (Stromer, 1931: 11-12, pi. I, fig. 9). 
We concur with that identification, noting that NMC 50792 shares three carcharo- 
dontosaurid apomorphies: a hyposphene-like process ventral to thè postzygapo- 
physes (Russell, 1996: fig. 16b; Coria & Currie, 2006); a pneumatic fossa hearing 
multiple foramina on centrum (Russell, 1996: fig. 16c; Harris, 1998; Brusatte & 
Sereno, 2008); and a pair of large peduncular fossae between thè neural canal and 
thè prezygapophyses (Russell, 1996: fig. 16d; Harris, 1998; Novas et al., 2005b). 2) 
The holotypic and referred cervical vertebrae of Sigilmassasaurus (Russell, 1996) 
lack thè character conditions cited above, retaining thè non-carcharodontosaurid 
plesiomorphies (single pleurocoelic fossa lacking multiple foramina; absence of 
hyposphene-like process; absence of peduncular fossae). If thè presacrai vertebrae 
of thè “Sigilmassasaurus morphotype” would belong to Carcharodontosaurus 
(Sereno et al., 1996; Brusatte & Sereno, 2007), then NMC 50792, from thè same 
beds, should be referred to a new and distinct theropod, clearly belonging to thè 
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carcharodontosaurid lineage. Based on cranial and dentai data, there is no evidence 
that more than one carcharodontosaurid species co-occurred in thè Kem Kem Beds 
(Brusatte & Sereno, 2007), nor in other Cretaceous North African localities (Sereno 
& Brusatte, 2008). Therefore, given that thè “Sigilmassasaurus morphotype” lacks 
many of thè carcharodontosaurid features present in NMC 50792, thè most parsi- 
monious explanation of thè evidence is to refer thè latter to Carcharodontosaurus 
saharicus, and to consider Sigilmassasaunis brevicollis a distinct species of dino- 
saur. Regardless to thè taxonomic status of Sigilmassasaurus, its referred distai 
caudal vertebrae from thè Kem Kem Beds (Russell 1998) are clearly distinct from 
MSNM V6408 in shape and elongation of both centmm and postzygapophyses. 

No distai caudal vertebrae of Spinosaurus and Carcharodontosaurus are known 
up to today. We cannot completely dismiss thè hypothesis that MSNM V6408 
belongs to one of these tetanurans. Nevertheless, based on comparison with their 
closest relatives, thè most parsimonious hypothesis is that thè distai caudals of 
these theropods should be similar to those of other basai tetanurans (Madsen, 1976; 
Allain & Chure, 2002; Coria & Currie, 2006) and, as a consequence, should be cle¬ 
arly different from MSNM V6408. We note that all known tetanurans share marked 
reduction of thè neural spines on thè distai caudals (Madsen, 1976; Allain & Chure, 
2002; Brochu, 2003; Coria & Currie, 2006): as stated above, thè most parsimonious 
interpretation is to consider Kemkemia a non-tetanuran neotheropod. 

Deltadromeus is a large-bodied theropod from thè sanie stratigraphic beds as 
Kemkemia (Sereno et ai., 1996). Initially referred to Coelurosauria (Sereno et al., 

1996; Rauhut, 2003), it is now considered to be a ceratosaur (Sereno et al, 2004; 
Carrano & Sampson, 2008). Regardless of thè phylogenetic position of Delta¬ 

dromeus, its distai caudals differ from those of Kemkemia in lacking thè marked 

Fig. 4 - Estimateci size of Kemkemia gen. nov. compared with Homo ( 1.74 m tali) and thè largest known 
individuai of some of thè other theropod genera recovered from thè Kem Kem Beds: from left to right, 
Spinosaurus (based on Dal Sasso et al., 2005), Carcharodontosaurus (Sereno et al., 1996; modified 
from a drawing by Marco Auditore), Deltadromeus (modified from Sereno et al, 1996), Kemkemia 
(this study; silhouette based on several basai neotheropods). (Drawing by AC). 
Fig. 4 - Taglia stimata di Kemkemia gen. nov. comparata con Homo (altezza 1,74 m) e con gli individui 
più grandi di alcuni degli altri generi di teropodi rinvenuti nei letti del Kem Kem: da sinistra a destra, 
Spinosaurus (basato su Dal Sasso et al., 2005), Carcharodontosaurus (Sereno et al., 1996, modificato 
da un disegno di Marco Auditore), Deltadromeus (modificato da Sereno et al., 1996) e Kemkemia 
(questo studio, sagoma basata su alcuni neoteropodi basali). (Disegno di AC). 
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mediolateral compression of thè latter (in Deltadromeus thè minimum diameter of 
thè vertebra is 27% of vertebral length, whereas in Kemkemia it is 13%, Sereno et 

ai., 1996, Table 1), and in having more prominent prezygapophyses that overlap at 
least 40% of thè preceding centrimi (Wilson et ai., 2003, Appendix). 

Among thè other theropod remains from thè Cenomanian of Morocco, two 
caudal vertebrae from Tafìlalt have also been reported (NMC 41863 and NMC 
50797, “Bone Taxon B” of Russell, 1996: 378). They differ from MSNM V6408 in 
thè stronger development of their zygapophyseal bases, in thè shape of thè neural 
spine, and in thè presence of a relatively narrower neural canal. 

In recent years, some isolated theropod remains from thè Kem Kem Beds have 
been referred to Abelisauridae (Russell, 1996; Mahler, 2005; Carrano & Sampson, 
2008). UCPC 10 is a maxillary fragment found in thè Kem Kem Beds (Mahler, 
2005). It exhibits several abelisaurid apomorphies, including a textured lateral 
surface, lamina iateraiis and mediaiis of subequal depth, deep fused paradental 
laminae, and subrectangular alveoli (Sereno et ai., 2004; Carrano & Sampson, 
2008), but appears less derived than thè maxillae of most abelisaurids in having 
faint shallow striations along thè mediai surface of thè paradental plates instead 
of more furrowed plates (Carrano & Sampson, 2008). Nevertheless, as observed 
in carcharodontosaurids (Coria & Currie, 2006), thè development of both lateral 
striations and mediai paradental furrows may be ontogenetically controlled, so 
UCPC 10 may not have been fully grown at thè time of death. Given that most of 
these features occurs homoplastically in derived carcharodontosaurids (Brusatte & 
Sereno, 2007), some authors have questioned thè abelisaurid affìnities of UCPC 10 
(Carrano & Sampson, 2008). Nevertheless, this specimen shows further abelisaurid 
features (Sereno & Brusatte, 2008): a subvertical rostral end of thè rostral ramus, a 
rostro-medially directed premaxillary facet, and a row of foramina located imme- 
diately above thè alveolar border. Furthermore, it differs from carcharodontosaurid 
maxillae as these possess a caudodorsally inclined rostral ramus, a rostrally direc¬ 
ted premaxillary facet, and a row of ventral foramina that are located more dorsally 
(Brusatte & Sereno, 2008). We therefore support Mahlers (2005) interpretation 
and regard UCPC 10 as an abelisaurid maxilla. Based on comparison with Majun- 

gasaurus (Sampson & Krause, 2007), we estimate that UCPC 10 belonged to an 
individuai about 5.5 meters long. 

NMC 50807 and NMC 50808 are two skull roof fragments from Tafìlalt (Rus¬ 
sell, 1996). Although Russell (1996) considered them “Theropoda indet.”, Carrano 
& Sampson (2008) noted that they show neoceratosaurian apomorphies, including 
frontals that are fused and bear a sloped and striated nasal contact, and a sagittal 
parietal crest between thè supratemporal fenestrae. We also note that NMC 50808 
lacks an extensive ossifìcation of thè interorbital region (Russell, 1996: fìg. 18), 
a derived feature shared by Ceratosaurus and abelisaurids (Carrano & Sampson, 
2008: 224). These data may indicate that NMC 50807 and NMC 50808 belong to a 
basai (non-abelisaurid) neoceratosaur such as Deltadromeus (following thè phylo- 
genetic interpretation of that taxon favoured by Carrano & Sampson, 2008). 

NMC 41589 and NMC 41861 are two fragmentary dentary rami from Tafìlalt 
(Russell, 1996). They have been referred to Abelisauridae on thè basis of thè mas- 
sively constructed lateral surface marked with indistinct vertical ridges, a marked 
craniomedial curvature of thè alveolar margin, subrectangular alveoli, and fused 
paradental laminae. Although these features have a broader distribution among 
Theropoda (Carrano & Sampson, 2008), being also present in carcharodontosau- 
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rids (Brusatte & Sereno, 2008), we note that NMC 41589 shares with thè abe- 
lisaurids Carnotaurus, Majungasaurus and Ekrixinatosanrus thè presence of thè 
lateral groove on thè bone’s ventral half (CaiTano & Sampson, 2008: 226). Based 
on comparison with Majungasaurus (Sampson & Krause, 2007), we estimate that 
NMC 41589 belonged to a individuai about 7-9 meters long. 

These data indicate that at least one abelisaurid species is present in thè Kem 
Kem Beds. While we note some resemblance between MSNM V6408 and thè mid- 
and distai caudals of some abelisauroid taxa (see above), we cannot unambiguously 
refer any of thè abelisaurid specimens from thè Kem Kem Beds to Kemkemìa. 

We propose that more than three genera of middle- to large-sized theropods lived 
sympatrically in thè Cenomanian of Morocco: thè spinosauroid Spinosaurus, thè 
allosauroid Carcharodontosaurus, thè non-abelisaurid ceratosaur Deltadromeus, 

Kemkemìa and (if further evidence will support thè taxonomic distinction from 
Kemkemìa) a yet-unnamed abelisaurid. The high diversity of middle- to large-sized 
camivorous dinosaurs in thè Kem Kem Beds recalls that found in other Mesozoic 
formations (e.g., thè Morrison Fonnation, Weishampel et al., 2004; or thè Wealdien 
Supergroup, Brusatte et al., 2008). Nevertheless, it is unusual in contrasting with 
thè relatively lower diversity of locai herbivores (Russell, 1996; Sereno et al., 1996; 
Mahler, 2005 ) and may indicate either that there is a high under-sampling of locai 
herbivores or thè evolution of some intense forni of competition and/or niche par- 
titioning among thè camivores (Holtz, pers. coni., 2008). Large fìsh are extremely 
abundant in thè Kem Kem Beds (Sereno et al., 1996; Naish. pers. comm., 2009). 
It is possible that this resource helps explain thè diversity and number of predatory 
dinosaurs in thè assemblage. By virtue of their simple digestive System and adapta- 
bility, camivorous taxa can survive in poor environments where resources are few 
and far between. A similar phenomenon occurs in thè Santana Fonnation of Brazil, 
where several theropod taxa are known, but no omithischians or sauropodomorphs 
(Naish et al., 2004). 

Functional implications - In MSNM V6408, thè presence of strongly reduced 
zygapophyses lacking articular surfaces shows that thè intervertebral movement 
along thè tail of Kemkemìa was relatively more extensive than that of most the¬ 
ropods, whose tails are stiffened by overlapping zygapophyses. The presence of 
robust neural spines hearing pre- and postspinai laminae probably indicates that 
thè epaxial musculature and interspinal ligaments compensated for thè absence of 
zygapophyseal articulation between thè neural arches. In pailicular, thè concave 
dorsal surface of thè neural spine may imply thè presence of a continuous ligament 
linking thè caudal vertebrae that helped in raising thè tail following ventroflexion 
(Wedel et al., 2000). 

Conclusions 
While based only on a single vertebra, Kemkemìa audìtoreì shows a unique 

and unusual combinatimi of features that distinguishes it from all other saurischian 
caudal vertebrae. Other saurischian species have been diagnosed on thè basis of 
very fragmentary vertebral specimens (e.g., Carvalho et al., 2003) if not on single 
vertebrae (e.g., Apesteguia, 2007; Taylor & Naish, 2007), or have been suggested 
on thè basis of isolated bones (Longrich, 2008). Interestingly, other fossil taxa 
based on remains more complete than MSNM V6408 have been defìned on a com- 
parable list of vertebral diagnostic features (e.g., Spìnostroplieus gautìerì Sereno 
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et al., 2004; and Lophostropheus airelensis Ezcurra & Cuny, 2007). Some authors 
have been reluctant to name new species on thè basis of very fragmentary remains, 
noting that these specimens may be unique when fìrst found, but later shown to 
be indeterminate as further discoveries reveal their distinctive features to charac- 
terize a clade rather than a single species (Longrich, 2008). Wilson & Upchurch 
(2003) termed this phenomenon “character obsolescence”. We note that this phe- 
nomenon is not unique to fragmentary remains: it is instead a feature of almost all 
palaeontological species given that they are defìned on thè basis of a list of auta- 
pomorphic characters whose taxonomic distribution broadens once new relevant 
discoveries are made (Sues, 1998). As noted elsewhere (Taylor & Naish, 2007), thè 
number of recognizable autapomorphies is thè most valid criterion for thè erection 
of a new taxonomic name. In our opinion, thè naming of autapomorphy-bearing 
taxa is important - even when thè remains are extremely fragmentary - because 
named taxa get noticed by thè community at large, whereas unnamed ones - even if 
noted by authors as representing possible or potential new taxa - do not. We concur 
with Naish & Martill (2007) that “naming taxa, even those based on fragmentary 
remains, can be a useful exercise simply because named taxa are incorporated into 
large-scale studies of systematics and diversity. Unnamed taxa, even those thought 
to represent new species, generally are not” (Naish & Martill 2007: 506). MSNM 
V6408 is unique among theropod distai caudal vertebrae in both its presence of 
autapomorphic conditions (inflated neural canal, strongly reduced prezygapophy- 
ses, very broad naural spine, presence of shallow spinai fossae and transversely 
concave dorsal surface of thè neural spine), and its unusual combination of features 
(simultaneous presence of reduced zygapophyses and robust neural spine hearing 
pre- and postspinai laminae). Following Taylor & Naish (2007)’s criterion, Kemke- 

mia auditorei is clearly distinct fropi other theropods and worthy of consideration 
as a valid taxon. 

Acknowledgements 
We are grateful to thè Geological Service of Morocco, Anna Alessandrello 

(Museo di Storia Naturale di Milano), Francois Escuillié (Eldonia, France), and 
Giovanni Pasini (Fossilia snc., Italy) for making thè specimen available for scientifìc 
description. In particular, we acknowledge with gratitude Giovanni Pasini (Museo 
Civico dei Fossili di Besano, Italy), who provided indispensable information on thè 
tossii location, and enthusiastically supported our research. The manuscript greatly 
benefited from reviews by Thomas R. Holtz Jr. (University of Maryland, USA), 
Darren Naish (University of Portsmouth, UK) and an anonymous reviewer. We 
are indebted to Juan Ingnacio Canale (Museo Paleontològico “Ernesto Bachmann” 
de Villa E1 Chocón, Argentina) for unpublished information on thè vertebrae of 
Skorpiovenator. Finally, we thank Karen Gariboldi for her help in labelling, and 
Sebastiano Maganuco and Alex Laini (University of Parma, Italy) for their help in 
producing illustrations, in Fig. 1 and Fig. 3. 

References 

Alessandrello A. & Bracchi G., 2003 - Eldonia berbera n. sp., a new species of thè 
enigmatic genus Eldonia Walcott, 1911 from thè Rawtheyan (Upper Ordovi- 
cian) of Anti-Atlas (Erfoud, Tafìlalt, Morocco). Atti della Società Italiana di 



A NEW THEROPOD DINOSAUR FROM THE KEM KEM BEDS (CRETACEOUS) OF MOROCCO 253 

Scienze Naturali e del Museo Civico di Storia Naturale in Milano, 144 (II): 
337-358. 

Allain R. & Chure D. J., 2002 - Poekilopleuron bucklandii, thè theropod dinosaur 
from thè Middle Jurassic (Bathonian) of Normandy. Palaeontologyy 45: 1107- 
1121. 

Apesteguia S., 2007 - The sauropod diversity of thè La Amarga Formation (Bar- 
remian), Neuquén (Argentina). Gondwana Research, 12 (4): 533-546. 

Barsbold R., Osmólska FI., Watabe M., Currie R J. & Tsogtbaatar K., 2000 - A new 
oviraptorosaur (Dinosauria, Theropoda) from Mongolia: The fìrst dinosaur with 
a pygostyle. Acta Palaeontologica Polonica, 45 (2): 97-106. 

Bonaparte J. F., 1996 - Cretaceous tetrapods of Argentina. In: Contributions of 
Southern South America to Vertebrate Paleontology. Arratia G. (ed.). Miinchner 

Geowissenschaftliche Abhandlungen A, Munich: 73-130. 
Brochu C. A., 2003 - Osteology of Tyrannosaurus rex: insights from a nearly com¬ 

plete skeleton and high-resolution computed tomographic analysis of thè skull. 
Society’ of Vertebrate Paleontology' Memoir, 7: 1-138. 

Brusatte S. L. & Sereno R C., 2007 - A new species of Carcharodontosaurus 
(Dinosauria: Theropoda) from thè Cenomanian of Niger and a revision of thè 
genus. Journal of Vertebrate Paleontologyy 27 (4): 902-916. 

Brusatte S. L. & Sereno R C., 2008 - Phylogeny of Allosauroidea (Dinosauria: 
Theropoda): comparative analysis and resolution. Journal of Systematic Palae- 
ontology, 6: 155-182. 

Brusatte S. L., Benson R. B. J. & Hutt S., 2008 - The osteology of Neovenator 

salerii (Dinosauria: Theropoda) from thè Wealden Group (Barremian) of thè Isle 
ofWight. Monograph of thè Palaeontographical Society\ 162 (631): 1-166. 

Calvo J. O. & Salgado L., 1995 - Rebbachisaurus tessonei sp. nov. a new Sauro- 
poda from thè Albian-Cenomanian of Argentina; new evidence on thè origin of 
thè Diplodocidae. Gaia, 11: 13-33. 

Carpenter K., Miles C., Ostrom J. H. & Cloward K., 2005 - Redescription of thè 
small maniraptoran theropods Ornitholestes and Coelurus from thè Upper 
Jurassic Morrison Formation of Wyoming. In: The Camivorous Dinosaurs. Car¬ 
penter K. (ed.). Indiana University’ Press, Bloomington, Indiana: 48-71. 

Carrano M. T. & Sampson S. C., 2008 - The phylogeny of Ceratosauria (Dinosau¬ 
ria: Theropoda). Journal of Systematic Palaeonto/ogyy 6 (2): 183-236. 

Carrano M. T., Sampson S. D. & Forster C. A., 2002 - The osteology of Masiaka- 

saurus knopfleri, a small abelisauroid (Dinosauria: Theropoda) from thè Late 
Cretaceous of Madagascar. Journal of Vertebrate Paleontology’, 22: 510-534. 

Carvalho I. S., dos Santos Avilla L. & Salgado L., 2003 - Amazonsaurus mara- 
nhensis gen. et sp. nov. (Sauropoda, Diplodocoidea) from thè Lower Cretaceous 
(Aptian-Albian) of Brazil. Cretaceous Research, 24: 697-713. 

Chiappe L. M., Ji S. A., Ji Q. & Norell M. A., 1999 - Anatomy and systematics of 
thè Confuciusomithidae (Theropoda: Aves) from thè late Mesozoic of northeast- 
em China. Bulletin of thè American Museum of Naturai History, 242: 1-89. 

Colbert E. FI., 1989 - The Triassic dinosaur Coelophvsis. Museum of Northern 

Arizona Bullettin, 57: 1-160. 
Coria R. A. & Currie P. J., 2006 - A new carcharodontosaurid (Dinosauria, Thero¬ 

poda) from thè Upper Cretaceous of Argentina. Geodiversitas, 28 (1): 71-118. 
Currie P. J. & Chen P. J., 2001 - Anatomy of Sinosauropteryxprima from Liaoning, 

northeastem China. Canadian Journal ofEartli Sciences, 38: 1705-1727. 



254 ANDREA CAU & SIMONE MAGANUCO 

Dal Sasso C., Maganuco S., Buffetaut E. & Mendez M. A., 2005 - New Informa¬ 
tion on thè skull of thè enigmatic theropod Spinosaurus, with remarks on its size 
and affìnities. Journal of Vertebrate Paleontology, 25 (4): 888-896. 

Ezcurra M. D. & Cuny G., 2007 — The coelophysoid Lophostropheus airelensis, 
gen. nov.: a review of thè systematics of “Liliensternus” airelensis from thè 
Triassic-Jurassic outcrops of Normandy (France). Journal of Vertebrate Pale- 
ontologv, 27 (1): 73-86. 

Garassino A., Pasini G. & Dutheil D. B., 2006 — Cretapenaeus berberus n. gen., n. 
sp. (Crustacea, Decapoda, Penaeidae) from thè Late Cretaceous (Cenomanian) 
of southeastem Morocco. Atti delia Società Italiana di Scienze Naturali e del 
Museo Civico di Storia Naturale in Milano, 147 (I): 3-17. 

Gatesy S. M., 1990 - Caudofemoral musculature and thè evolution of theropod 
locomotion. Paleobiolog\\ 16: 170-186. 

Gauthier J., 1986 - Saurischian monophyly and thè origin of birds. Memoirs of thè 
California Academy of Sciences, 8: 1-55. 

Gilmore C. W., 1920 - Osteology of thè camivorous Dinosauria in thè United States 
National Museum, with special reference to thè genera Antrodemus (Allosau- 
rus) and Ceratosaurus. Bulletin of thè United States National Museum, 110: 
1-154. 

Gomani E. M., 1999 - Sauropod caudal vertebrae from Malawi, Africa. In: Pro- 
ceedings of thè Second Gongwanan Dinosaur Symposium. Tomida Y., Rich T. 
H. & Vickers-Rich P. (eds.). National Science Museum Monographs, Tokyo: 
235-248. 

Harris J. D., 1998 — A reanalysis of Acrocanthosaurus atokensis, its phylogenetic 
status, and paleobiogeographic implications, based on a new specimen from 
Texas. New Mexico Museum of Naturai History and Science Bulletin, 13: 1-75. 

Harris J. D., 2006 - The signifìcance of Suuwassea emiliae (Dinosauria: Sauro- 
poda) for flagellicaudatan intrarelationships and evolution. Journal of Systema- 
tic Palaeontology, 4 (2): 185-198. 

Huene F. V. & Matiey C. A., 1933 - The Cretaceous Saurischia and Omithischia 
of thè centrai provinces of India. Memories of thè Geologica/ Survey of India, 
21(1): 1-74. 

Janensch W., 1925 - Die Coelurosaurier und Theropoden der Tendaguru-Schichten 
Deutsch-Ostafrikas. Palaeontograpliica (supplement VII), 1: 1-99. 

Kellner A. W. A., De Almeida Campos D. & Trotta M. N. F., 2005 - Description of 
a Titanosaurid caudal series from Bauru Group, Late Cretaceous of thè Brazil. 
Arquivos do Museu Nacional, Rio de Janeiro, 63 (3): 529-564. 

Kirkland J. I., Burge D. & Gaston R., 1993 - A large dromaeosaur (Theropoda) 
from thè Lower Cretaceous of eastem Utah. Hunteria, 2(10): 1-16. 

Kirkland J. I., Britt B. B., Whittle C. H., Madsen S. K. & Burge D. L., 1998 - A 
small coelurosaurian theropod from thè Yellow Cat Member of thè Cedar Moun¬ 
tain Fomiation (Lower Cretaceous, Barremian) of eastem Utah. In: Lower and 
Middle Cretaceous Ecosystems. Lucas S. G., Kirkland J. I. & Estep J. W. (eds.). 
New Mexico Museum of Naturai History and Science Bulletin, 14: 239-248. 

Kirkland J. I., Zanno L. E., Sampson S. D., Clark J. M. & De Blieux D. D., 2005 - 
A primitive therizinosauroid dinosaur from thè Early Cretaceous of Utah. 
Nature, 435: 84-87. 

Kobayashi Y., 2004 - Asian Omithomimosaurs. PhD Thesis, Southern Methodist 
University. 1 - 340. 



A NEW THEROPOD DINOSAUR FROM THE KEM REM BEDS (CRETACEOUS) OF MOROCCO 255 

Longrich N., 2008 - Anew, large omithomimid from thè Cretaceous Dinosaur Park 
Formation of Alberta, Canada: implications for thè study of dissociated dino¬ 
saur remains. Palaeontology, 51 (4): 983-997. 

Madsen J. R. Jr., 1976 — Allosaurus fragilis: a revised osteology. Utah Geological 
Survey Bulletin, 109: 1-163. 

Madsen J. R. Jr. & Welles S. P., 2000 - Ceratosaurus (Dinosauria, Theropoda) a 
revised osteology. Miscellaneous Publication Utah Geologica/ Sar\’ev, 00-2: 
1-80. 

Mahler L., 2005 - Record of Abelisauridae (Dinosauria: Theropoda) from thè 
Cenomanian of Morocco. Journal of Vertebrate Paleontology, 25: 236-239. 

Makovicky P. J., & Sues H.-D., 1998 - Anatomy and Phylogenetic Relationships 
of thè Theropod Dinosaur Microvenator celer from thè Lower Cretaceous of 
Montana. American Museum Novitates, 3240: 1-27. 

Mayr G., Pohl B., Hartman S. & Peters D. S., 2007 - The tenth skeletal specimen of 
Archaeopteryx. Zoological Journal of thè Linnean Society>, 149: 97-116. 

Naish D. & Martill D. M., 2007 - Dinosaurs of Great Britain and thè role of thè 
Geological Society of London in their discovery: basai Dinosauria and Sauris- 
chia. Journal of thè Geological Society>, London, 164: 493-510. 

Naish D, Martill D. M. & Frey E., 2004 - Ecology, systematics and biogeographi- 
cal relationships of dinosaurs, including a new theropod, from thè Santana For- 
mation (TAlbian, Early Cretaceous) of Brazil. Historical Biology, 16: 57-70. 

Norell M. A. & Makovicky P. J., 1999 - Important features of thè dromaeosaur 
scheleton, IL information from newly collected specimens of Velociraptor mon- 

goliensis. American Museum Novitates, 3282: 1-45. 
Novas F. E., 1997 - Anatomy of Patagonykus puertai (Theropoda, Avialae, 

Alvarezsauridae), from thè Late Cretaceous of Patagonia. Journal of Vertebrate 

Paleontology, 17: 137-166. 
Novas F. E., Agnolin F. L. & Bandyopadhyay S., 2004 - Cretaceous theropods 

from India: A review of specimens described by Huene and Matley (1933). 
Revista Museo Argentino de Ciencias Naturales, n.s., 6(1): 67-103. 

Novas F. E., Dalla Vecchia F. & Pais D. F., 2005a - Theropod pedal unguals from 
thè Late Cretaceous (Cenomanian) of Morocco, Africa. Revista Museo Argen¬ 

tino de Ciencias Naturales, n.s., 7 (2): 167-175. 
Novas F. E., de Valais S., Vickers-Rich P. & Rich T., 2005b - A large Cretaceous 

theropod from Patagonia, Argentina, and thè evolution of carcharodontosaurids. 
Naturwissenschaften, 92: 226-230. 

O’Connor P. M., 2007 - The postcranial axial skeleton of Majungasaurus crena- 
tissimus (Theropoda: Abelisauridae) from thè Late Cretaceous of Madagascar. 
Society’ of Vertebrate Paleontology’, Memoir, 8: 127-162. 

Osbom H. F., 1899 - A skeleton of Diplodocus. Memoirs of thè American Museum 
of Naturai Ufi story, 1: 191-214. 

Osbom H. F. & Mook C. G., 1921 - Camarasaurus, Amphieoelias and other sau- 
ropods of Cope. Memoirs of thè American Museum of Naturai History. New 
Series, III (III): 251-387. 

Osmólska H., 1996 - An unusual theropod dinosaur from thè Late Cretaceous 
Nemegt Formation of Mongolia. Acta Palaeontologica Polonica, 41: 1-38. 

Ostrom, J. H., 1969 - Osteology of Deinonychus antirrhopus, an unusual theropod 
from thè Lower Cretaceous of Montana. Bulletin of thè Peabodv Museum of 
Naturai History, 30: 1-165. 



256 ANDREA CAU & SIMONE MAGANUCO 

Padian K., Hutchinson J. R. & Holtz T. R., 1999 - Phylogenetic defìnitions and 
nomenclature of thè major taxonomic categories of thè camivorous Dinosauria 
(Theropoda). Journal of Vertebrate Paleontology, 19: 69-80. 

Rage J.-C. & Cappetta H., 2002 - Vertebrates from thè Cenomanian, and thè geo- 
logical age of thè Draa Ubari fauna (Libya). Annales de Paleontologie, 88: 
79-84. 

Rauhut O. W. M., 2003 - The interrelationships and evolution of basai theropod 
dinosaurs. Special Papers in Palaeontology, 69: 1-213. 

Riff D., Mader B., Kellner A. W. A. & Russel D. A., 2004 — An avian vertebra from 
thè Continental Cretaceous of Morocco, Africa. Arqnivos do Museu Nacional, 
Rio de Janeiro, 62 (2): 217-223. 

Russell D. A., 1972 - Ostrich dinosaurs from thè Late Cretaceous of western 
Canada. Canadian Journal ofEarth Sciences, 9: 375-402. 

Russell D. A., 1996 - Isolated dinosaur bones from thè Middle Cretaceous of thè 
Tafìlalt, Morocco. Bulletin de Muséum National d'Histoire Naturelle, Paris, 18: 
349-402. 

Sampson S. D. & Krause D. W., 2007 - Majungasaurus crenatissimus (Theropoda: 
Abelisauridae) from thè Late Cretaceous of Madagascar. Society of Vertebrate 
Paleontology, Memoir 8: 1-184. 

Sereno P. C., Wilson J. A., Larsson H. C. E., Dutheil D. B. & Sues H.-D., 1994 - 
Early Cretaceous Dinosaurs from thè Sahara. Science, 266: 267-270. 

Sereno P. C., Dutheil D. B., Iarochene M., Larsson H. C. E., Lyon G. H., Magwene 
P. M., Sidor C. A., Varricchio D. J. & Wilson J. A., 1996 - Predatory Dinosaurs 
from thè Sahara and Late Cretaceous Faunal Differentiation. Science, 272: 986- 
991. 

Sereno P. C., Beck A. L., Dutheil D. B., Gado B., Larsson H. C. E., Lyon G. Eh, 
Marcot J. D., Rauhut O. W. M., Sadleir R. W., Sidor C. A., Varricchio D. J., 
Wilson G. P. & Wilson J. A., 1998 - A long-snouted predatory dinosaur from 
Africa and thè evolution of Spinosaurids. Science, 282 (5392): 1298-1302. 

Sereno P. C. & Bmsatte S. L., 2008 - Basai abelisaurid and carcharodontosaurid 
theropods from thè Elrhaz Formation (Aptian-Albian) of Niger. Acta Palaeon- 
tologica Polonica, 53 (1): 15-46. 

Sereno P. C., Wilson J. A., Witmer L. M., Whitlock J. A., Maga A., Ide O. & Rowe 
T. A., 2007 - Structural Extremes in a Cretaceous Dinosaur. PLoS ONE, 2(11): 
el230. 

Sereno P. C., Wilson J. A. & Conrad J. L., 2004 - New dinosaurs link southern 
landmasses in thè Mid-Cretaceous. Proceedings of thè Royal Society: Biologi¬ 
ca1 Sciences, 271: 1325-1330. 

Stromer E., 1931 - Ergebnisse der Forschungsrisen Prof. E. Stromers in den 
Wusten Àgyptens. IL Wirbeltierreste der Baharje-Stufe (unterstes Cenoman). 
10. Ein Skelett-Rest von Carcharodontosaurus no. gen. Abhandlungen der 

Baverischen Akademie der Wissenschaften, Mathematisch-Naturwissenschaft- 
liche Abteilung, Nene Folge, 9: 1-23. 

Sues H.-D., 1998 - Comments on thè proposed designation of Iguanodon berniss- 
artensis Boulenger in Beneden, 1881 as thè type species of Iguanodon Mantell, 
1825, and proposed designation ot a lectotype. Bulletin of Zoologica/ Nomen¬ 
clature, 55: 240-241. 

Suzuki S., Chiappe L. M., Dyke G. J., Watabe M., Barsbold R. & Tsogbaatar K., 
2002 - A new specimen of Shuvuuia deserti Chiappe et al., 1998 from thè Mon- 



A NEW THEROPOD DINOSAUR FROM THE REM REM BEDS (CRETACEOUS) OF MOROCCO 257 

golian Late Cretaceous with a discussion of thè relationships of alvarezsaurids 
to other theropod dinosaurs. Contributions in Science, Naturai History Museum 

Los Angeles Country, 494: 1-18. 
Taylor M. P. & Naish D., 2007 - An unusual new neosauropod dinosaur from thè 

Lower Cretaceous Hastings Beds Group of East Sussex, England. Palaeonto- 
logy, 50 (6): 1547-1564. 

Tumer A. Eh, Poi D., Clarke J. A., Erickson G. M. & Norell M. A., 2007 - A basai 
dromaeosaurid and size evolution preceding avian flight. Science, 317: 1378- 
1381. 

Tykoski R. S., 2005 -Anatomy, Ontogeny, and Phylogeny of Coelophysoid Thero- 
pods. Unpubìished PhD Thesis, The University of Texas at Austin: 1-553. 

Upchurch P., Tomida Y. & Barrett P. M., 2004 - A new specimen of Apatosaurus 

ajax (Sauropoda: Diplodocidae) from thè Morrison Formation (Upper Jurassic) 
of Wyoming, USA. National Science Museum Monographs, 26: 1-107. 

Wedel M. J., Cifelli R. L. & Sanders R. K., 2000 - Osteology, paleobiology, and 
relationships of thè sauropod dinosaur Sauroposeidon proteles. Acta Palaeon- 
tologica Polonica, 45: 343-388. 

Weishampel D. B., Dodson P. & Osmólska H. (eds.), 2004 - The Dinosauria (2nd 
edition). University' of California Press, Berkeley, California: 1-861. 

Welles S. P., 1984 -Dilophosaurus wetherilli (Dinosauria, Theropoda). Osteology 
and comparisons. Paìaeontographica Abt. A, 185: 85-180. 

Wilson J. A., 1999 - Vertebral laminae in sauropods and other saurischian dino¬ 
saurs. Journal of Vertebrate Paleontology, 18: 639-653. 

Wilson J.A., 2002 - Sauropod dinosaur phylogeny: critique and cladistic analysis. 
Zoological Journal of thè Linnean Society>, 136: 217-276. 

Wilson J. A., Martinez R. N. & Alcober O., 1999 - Distai tail segment of a titano- 
saur (Dinosauria: Sauropoda) from thè Upper Cretaceous of Mendoza. Journal 

of Vertebrate Paleontology, 19 (3): 591-594. 
Wilson J. A., Sereno P. C., Srivastava S., Bhatt D. K., Kholsa A. & Sahni A., 2003 

-A new abelisaurid (Dinosauria, Theropoda) from thè Lameta Formation (Cre¬ 
taceous, Maastrichtian) of India. Contributions from thè Museum of Paleonto¬ 

logy', University of Michigan, 31:1 -42. 
Wilson J. A. & Upchurch R, 2003 - A revision of Titanosaurus Lydekker (Dino¬ 

sauria - Sauropoda), thè fìrst dinosaur genus with a "Gondwanan' distribution. 
Journal of Systematic Palaeontologyy 1 (3): 125-160. 

Ricevuto: 6 agosto 2008 
Approvato: 22 gennaio 2009 


